New estimators for estimating the finite population mean using two auxiliary variables under simple and stratified sampling design is proposed. Their properties (e.g., mean square error) are studied to the first order of approximation. More so, some estimators are shown to be a particular member of this estimator. Furthermore, comparison of the proposed estimator with the usual unbiased estimator and other estimators considered in this paper reveals interesting results. These results are further supported with an empirical study using four natural data from literature.
Introduction
In real life, the problem of the estimation of population parameters like mean, proportion, variance, and ratio of two population means are common in virtually all discipline and facet of life. And sometimes, information on several variables is used to estimate or predict a characteristic of interest. For instance, an agriculturist might be interested in the total yield of maize taking into consideration the fertilizer levels, soil type, number of workers in a specific plot, regions etc. The use of this type of variables (known as auxiliary information in sample survey design) results in efficient estimate of population parameters (e.g. mean) under some realistic conditions. Ratio, product and regression methods of estimation are good examples in this context. Ratio and product type estimators take advantage of the correlation between the auxiliary variable, x and the study variable, y to improve the estimate of the characteristic of interest. For example, when information is available on the auxiliary variable that is positively (high) correlated with the study variable, the ratio method of estimation proposed by Cochran (1940) is a suitable estimator to estimate the population mean and when the correlation is negative the product method of estimation as envisaged by Robson (1957) and Murthy (1964) is appropriate.
Quite often information on many auxiliary variables is available in the survey which can be utilized to increase the precision of the estimate. In this situation, Olkin (1958) was the first author to deal with the problem of estimating the mean of a survey variable when auxiliary variables are made available. He suggested the use of information on more than one supplementary characteristic, positively correlated with the study variable, considering a linear combination of ratio estimators based on each auxiliary variable separately. The coefficients of the linear combination were determined so as to minimize Motivated by Srivenkataramana (1980) , Bandyopadhyay (1980) and Singh et al. (2005) and with the aim of providing a more efficient estimator; we propose, in this paper, a new estimator for Y when two auxiliary variables are available under simple and stratified sampling design.
Background to the Suggested Estimator
Consider a finite population are the sample means of y , x and z respectively. Singh (1969) improved the ratio and product method of estimation given above and suggested the "ratio-cum-product" estimator for Y as
In literature, it has been shown by various authors; see for example, Reddy (1974) and Srivenkataramana (1978) that the bias and the mean square error of the ratio estimator R y , can be reduced with the application of transformation on the auxiliary variable x .
Thus, authors like, Srivenkataramana (1980) , Bandyopadhyay (1980) and Singh et al. (2005) have improved on the ratio, product and ratio-cum-product method of estimation using the transformation on the auxiliary information. We give below the transformations employed by these authors:
where
are also unbiased estimate of X and Z respectively; and
and
. It is to be noted that by using the transformation above, the construction of the estimators for Y requires the knowledge of unknown parameters, which restrict the applicability of these estimators. To overcome this restriction, in practice, information on these parameters can be obtained approximately from either past experience or pilot sample survey, inexpensively.
The following estimators  R y ,  P y and SE y are referred to as dual to ratio, dual to product and ratio-cum-product estimators and are due to Srivenkataramana (1980) , Bandyopadhyay (1980) and Singh et al. (2005) respectively. They are as given below:
It is well known that the variance of the simple mean estimator y , under SRSWOR design is   where, 
where, MSE was computed for optimal choice of  .
Proposed Dual to Ratio-Cum-Product Estimator in SRS
Using the transformation given in (1), we suggest a new estimator for Y as follows:
where,  is a constant, chosen to minimize the variance of PR y .
We would like to remark here that some estimators could be shown to be a particular member of PR y . For instance, when information on the auxiliary variable z is not used (or variable z takes the value `unity') and 1   , the suggested estimator PR y reduces to the `dual to ratio' estimator 
Remark
To ensure the applicability of the estimator PR y , we assume the population value of the study variate is known. This is a reasonable assumption as survey samplers usually obtain such information inexpensively through pilot survey or past experience. In order to study the properties of the suggested estimator PR y (e.g. MSE), we write
We assume that 1 1  gk and 1 2  gk so that the right hand side of (2) is expandable. Now expanding the right hand side of (2) to the first degree of approximation, we have
Taking expectations on both sides of (3), we get the bias of PR y to the first degree of approximation, as
Squaring both sides of (3) and neglecting terms of s k' involving power greater than two, we have
Taking expectations on both sides of (4), we get the MSE of PR y , to the first order of approximation, as
Substituting (6) in PR y , we get the asymptotically optimum estimator as We can obtain the minimum MSE of PR y , by substituting (6) in (5), which after little algebraic simplification, yields:
Extension of the Roposed Estimator to Stratified Random Sampling
The disadvantages of using SRS technique have been comprehensively documented in literature (see for instance, Cochran (1977) ). More so, studies by several authors reveal that the ratio-cum-product estimator performs better than ratio and product type estimators in SRS under stratification and other certain conditions. This therefore motivates us to extend the proposed estimator in section 3 to stratified random sampling (STRS) design and study its properties.
Consider a finite population
. A sample of size h n is drawn from each stratum using SRSWOR. The direct generalization of dual transformation of the two auxiliary variates pioneered by Srivenkataramana (1980) and Bandyopadhyay (1980) is defined as follow:
We note here that the relation Using the various definitions above, we propose the dual to ratio-cum-product estimator in stratified random sampling as follows:
where,
 is a constant chosen to reduce the variance of PRS y .
Remarks

1.
To ensure the applicability of the estimator PRS y , we assume the population values of the study variate are known in the entire stratum. This is a reasonable assumption as survey samplers usually obtain such information inexpensively through pilot survey or past experience.
2.
We would also like to remark here that the stratified sampling case of the estimators using these notations, it is easy to verify that       0
From (9), we can write
where, Expanding the right hand side of (10) and following the procedure in section 3 for SRS design, we obtain:
The MSE equation given in (11) is minimized for
Substituting (12) in PRS y , we get the asymptotically optimum estimator as We can obtain the minimum MSE of PRS y , by substituting (5) in (4), which after little algebraic simplification, yields:
Assuming that the study variate y and the auxiliary variate Furthermore, Tailor et al. (2012) extended the ratio-cum-product estimator proposed by Singh (1967) to STRS as follows:
Here, the assumption is that the population means of the auxiliary variates X and Z are known in each stratum.
More so, Plikusas (2008) defined dual to ratio-cum-product estimator expressed in Singh et al. (2005) to STRS as
The MSEs of these four estimators, up to the first degree of approximation, are as presented: respectively. They are presented as follows: The variance of the usual unbiased estimator in stratified sampling, st y , is given as
. And to the first order of approximation, the MSEs of
are, respectively, given by:
Efficiency Comparison
In this section, the efficiency of the suggested estimator 
. This is always true because 0 (ii)
Remark: Efficiency comparisons in case of proportional allocation
We would like to remark here that when the units from the th h stratum are selected according to proportional allocation i.e., 
Numerical Illustration
In this section, we analyze the performance of the suggested estimator with respect to other estimators considered in this paper. To achieve this, four natural population data sets from the literature are considered. The sources and brief descriptions of these populations are presented below. We note that the first two populations are used for estimators under SRS while the last two are used for STRS.
(1) Population I [Singh (1969, p . 377]; a detailed description can be found in Singh (1965) y : Number of females employed For these comparisons, the Percent Relative Efficiencies (PREs) of the different estimators are computed with respect to the usual unbiased estimator y , using the formula
and they are as presented in Table 2 . Table 2 shows clearly that the proposed dual to ratio-cum-product estimator PR y has the highest PRE than other estimators; therefore, we can conclude based on the study populations that the suggested estimator is more efficient than the usual unbiased estimators, the traditional ratio and product estimator, ratio-cum-product estimator by Singh (1969) , Srivenkataramana (1980) Under SRSWOR, the suggested estimator as demonstrated through the theory and empirical results (populations I and II) is always better than estimators considered in this study when one of the auxiliary variate is positively correlated with the study variate, the other is negatively correlated with the study variable and the two (auxiliary variates) are negatively correlated with each other. It is also observed from perform poorly for the study populations especially under the stratified sampling design. Furthermore, it is observed from the empirical analysis that the proposed estimator under STRS is better than the usual unbiased estimators in STRS, Hansen et al. (1946) , stratified product estimator, Singh (1969) , Srivenkataramana (1980) , Bandyopadhyay (1980) , and Plikusas (2008) estimator except for Sharma and Tailor (2010) in the population IV.
Conclusion
The use of auxiliary information to increase the precision of the estimate has received numerous attentions from several authors. In this paper, we continue this research by developing a new estimator under SRSWOR, this estimator is further extended to STRS design. These estimators are found to be more efficient than the usual unbiased estimator, the traditional ratio [Cochran (1940) 
